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Abstract 
Repository of Low and Intermediate Level Solid Radioactive Wastes (ILRW) is accepted to deal with the ILRW produced from 
fast development of nuclear power industry and other fields. In performance assessment of the potential geologic repository, 
modeling plays a very important role in addition to experimental inverstigations. In addition to experimental inverstigations 
modeling has also to be used for these purposes. In the paper, stochastic mathematical theories were used for calculating the 
radionuclide transport in fractured rock masses at Repository of Low and Intermediate Level Solid Radioactive Wastes. To better 
understand about the dangers of public for radiation and the nuclides transport in fractured rock masses at low and intermediate 
level solid radioactive waste disposal, the paper builds three dimensional stochastic seepage grid model to describe radionuclide 
transport in fractured rock masses based on three-dimensional directional seepage theory that is built into percolation mechanics, 
sets up a rigorous computer simulating system to calculate the radionuclide transport and safety performance of the Repository of 
Low and Intermediate Level Solid Radioactive Wastes based on computing technology. Finally, To illustrate the precision and 
validity of this model that is built into the stochastic mathematical theories or computing technology, the simulation experiments 
are carried out to understand law of radionuclide transport. 
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1. introduction 
In the ordinary course of event[1][2][3], the determinate model is used for studying on the radionuclide migration in 
disposal field of Low and intermediate level solid radioactive wastes. However, the process of the radionuclide 
migration along with the groundwater flow is often influenced by many factors, which have strong uncertainty. For 
example, hydrogeological, rock and soil microstructure, initial conditions, boundary conditions, natural conditions, 
etc[4]. Due to the uncertainty of the factors, the results obtained by using the deterministic radionuclide migration 
theory may be inconsistent with the actual situation[5]. Therefore, it is very necessary to introduce the stochastic 
mathematical theory into the analysis of the radionuclide migration in disposal field of Low and intermediate level 
solid radioactive wastes. In this paper, a three-dimensional random seepage model is established, which is based on 
the theory of stochastic process and fluid percolation theory. At the same time, a rigorous computer simulating 
system based on computer technology has been established to simulate the radionuclide migration and safety 
performance of the disposal field of Low and intermediate level solid radioactive wastes, the computer simulating 
system can quantitatively describe the characteristics of the soil parameters, and can be repeated for simulating the 
radionuclide migration in disposal field of Low and intermediate level solid radioactive wastes. 
2. The theory of three dimensional stochastic seepage 
A random process is formed to describe fractured rock masses in disposal field of Low and intermediate level 
solid radioactive wastes. Namely, the state d
t Z[  is a d dimensional integer lattice, "Z" denotes all integers and 
"d" is equal to 1, 2, 3. Therefore, if "d" is equal to 3, then },,:),,{( ZknmknmZ d  . The point in the dt Z[  
indicates the pore position of cross section that is built into fractured rock masses in disposal field of Low and 
intermediate level solid radioactive wastes. The random process t[  is a random sets in the three-dimensional integer 
lattice figure, and indicates A group of random sets when the distance t  changes between 0 and L, and can show 
that the interconnected pores in disposal field of Low and intermediate level solid radioactive wastes varies 
according to the distance t . Consequently, Random medium field can describe the fractured rock masses in disposal 
field of Low and intermediate level solid radioactive wastes, and can accept the uncertainty and complexity of the 
microstructure of fractured rock masses in disposal field of Low and intermediate level solid radioactive wastes, and 
can accept the heterogeneous distribution of the attributes of fractured rock masses in disposal field of low and 
intermediate level solid radioactive wastes. At the same time, the fractured rock masses of the disposal field has the 
characteristics of heterogeneity and geological statistics. Therefore, random process t[  can represent the overall 
characteristics of the heterogeneity of fractured rock masses of the disposal field, and can been used for building the 
radionuclide transport model that will be more effective for calculating the radionuclide transport in fractured rock 
masses of the disposal field.  
A mathematical model for the radionuclide transport in fractured rock masses is built by three-dimensional 
directional seepage theory. That the underground water flows through fractured rock masses of disposal field 
(random medium field) is simplified as the three-dimensional stochastic seepage grid model (Fig.1). In the fig.1, 
each section of line is called edge, the connection point of the edge and edge is called a point or position, each 
position (Point” R ”said) forward leads to three directional edges (three edges of a cube) to three 
positions(Point” x ”said) ,then each position of three positions(Point” x ”said) forward leads to three directional 
edges to three positions(Point” R”said),the position (Point” x ”said) and (Point” R”said)of three-dimensional 
stochastic seepage grid alternately move forward ,and the position moves forward when the position (Point”x ”said) 
and (Point” R”said) are alternately. The switching of each edge of the fig.1 is carefully dominated by the random 
mechanism, the underground water flow only can move forward. As shown in Figure 1, the underground water flow 
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can flow between B and C if all the edges between B and C are open.

Fig.1 Three-dimensional stochastic seepage grid model chart 
 
The paper assumes that the Solid wastes of the disposal field is located on the left of the chart, that 
underground water flows gently down into the valley and leaks out in the recent springs, and that the underground 
water flow to the right of the chart. The underground water can only flow to three adjacent points along three 
directional edge, and cannot flow to the left of the chart. Therefore, the three-dimensional directional seepage is 
defined as follows[6][7]. 
Given:  ^ 3,, ZknmV  ˈ `0k t , the directional edges that the position in horizontal section  knm ,,  
shifts to the position in horizontal section  1,, knm  are open with probability p , and are closed with probability 
p1 ,and are mutually independent random variables. In the fig.1, the Position sequence 
)},(),(,),(),,(),,(),,(),{( 33221100 vuyxyxyxyxyxyx kk    exists in the  ^ 3,, ZknmV  ˈ `0k t  if the 
point B is up to C. Namely, the position sequence ),( yx  is up to the position sequence ),( vu  if the side from 
),( 11  ii yx  to ),( ii yx {  kii dd1 } is open, in other words, ),(),( vuyx o . Given: ^ `2),( ZnmB   is an initial 
configuration, a random process ^ `,...,2,1,0,  kBk[  is a random set valued of non negative integers. That is to say, 
the random process ^ `),,()0,,(:),(:),( kyxyxByxnmB
n
o
 [  indicates that the Initial configuration Bx  can 
reach the set of points in the level position ^ `,...,2,1,0 k . 
3. Mathematical model and simulation of fractured rock masses in the disposal field 
Taking the disposal field in domestic as an example[8][9], the fractured rock masses of disposal field are 
interconnected, the radionuclide transport law in the fractured rock masses can be simulated by three-dimensional 
stochastic seepage grid model chart (Fig.1). Then the migration and adsorption of radionuclide in the fractured rock 
masses is studied by stochastic mathematical theories. 
Three-dimensional stochastic seepage grid model chart has K  Horizontal layers, each horizontal layer has 
),( NM  nodal points (positions), each nodal point represents one large pore, each edge connects two nodal points 
and represents one pore throat, the radionuclide is easy to be adsorbed in the pore throat. Each node corresponding 
to the three directed edges has equal hydraulic pressure, in other words, Radionuclide migration behavior is 
determined by the nature of the side (pore throat). Therefore, the residence coefficient and surface behavior of pore 
throat depends on whether radionuclide will pass through pore throat or been trapped in the pore throat when 
B 
C 
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radionuclide has entered pore throat from the pore. Therefore, the computer simulation procedure is defined as 
follows:  
(1) The radionuclide enters into the three-dimensional stochastic seepage grid model chart (Fig.1) through A set 
of nodal points 1N  that computer simulation system has selected from Horizontal layer K =0. 
(2) Six independent random numbers ( 1[ , 2[ , 3[ , 1K , 2K , 3K ) are generated at the nodal points of  Horizontal 
layer K =0, and are identically distribution law that is decided by the pore throat distribution and structure, and are 
random variables that are uniformly distributed over the [0,1] interval. In other words, the directional edge that the 
position in horizontal section  knm ,,  shifts to the position in horizontal section  1,, knm  is open with 
probability ]1,0[ cp , and is  closed with probability cp1 . At the same time, groundwater can only flow through 
the open directional edge. [ ( 1[ , 2[ and 3[ ) is a random variable that is uniformly distributed over the [0,1] interval. 
The const b is identified by many factors, for example, groundwater flow velocity, effective porosity of rock and 
soil of the disposal field, the residence coefficient, etc. Then, The probability of radioactive retention is ],0[ bK . 
The probability of radioactive straightway is ]1,(bK . At the same time, the nodal points of the next horizontal 
layer ( K =1) is made marks. 
 (3) In the same way, Six independent random numbers ( 1[ , 2[ , 3[ , 1K , 2K , 3K ) are generated at thethe nodal 
points of the next horizontal layer ( K =1). and are identically distribution law that is decided by the pore throat 
distribution and structure, and are a random variables that are uniformly distributed over the [0,1] interval. In other 
words, the directional edge that the position in horizontal section  knm ,,  shifts to the position in horizontal section  1,, knm  is open with probability ]1,0[ 
c
p , and is closed with probability 
c
p1 . At the same time, 
groundwater can only flow through the open directional edge. [ ( 1[ , 2[ and 3[ ) is a random variable that is 
uniformly distributed over the [0,1] interval. The const b is identified by many factors, for example, Groundwater 
flow velocity, effective porosity of rock and soil of the disposal field, the residence coefficient, etc. Then, The 
probability of radioactive retention is ],0[ bK . The probability of radioactive straightway is ]1,(bK , At the same 
time, the nodal points of The next horizontal layer ( K =2) is made marks. According to this method, until the 
horizontal layer K  is maximum. 
 (4) The first three steps are done many times, and will be ended when the final results of the first three steps 
meet the two conditions. The first condition is that the radionuclide was completely stranded in the directional edges 
of the horizontal layer ( K =0). At the same time, the radionuclide can't enter into the three-dimensional stochastic 
seepage grid model chart (Fig.1). The second condition is that the results of the calculations in recent times are very 
close. Namely, what the radionuclide was stranded in the fractured rock masses of the disposal field is very little 
changed, and is an equilibrium state. 
The law of radionuclide migration in the disposal field can be obtained by the statistical average of the results 
what computer simulation experiments are done many times. Therefore, the computer simulation experiment can be 
easily applied, and can be easily realized. At the same time, the final result is statistical average, and can reflect the 
general law of radionuclide migration in the disposal field. 
4. Calculating Radionuclide dose in the disposal field 
4.1. The parameter values of three-dimensional stochastic seepage grid model 
The disposal field of Low and intermediate level solid radioactive wastes is located in the Southern China 
area[8][9]. The area is low and even, and is surrounding economy to agriculture. At the same time, the average annual 
rainfall of the area is about 2200mm. The disposal field is made up of 40 disposal units which full-size unit is 
25mX25m X8m. The shortest distance from the bottom of the disposal units to the aquifer zone is 4 meters. The 
radionuclide flows to non saturated zone in the bottom of the disposal unit when the low and intermediate level solid 
radioactive wastes was soaked by the rainwater, and flows to the water-bearing stratum. Afterwards, underground 
water flows gently down into the valley and leaks out in the recent springs that the boundary of the disposal field 
distances 1000 meters. Taking a disposal unit as an example, the main radionuclide and radioactivity are shown in 
Table 1. Three-dimensional stochastic seepage grid model is divided into disposal unit area zone, unsaturated zone 
and aquifer zone. The disposal unit area zone has 80 layers, each layer has 250X250 pores, namely, K =80, 
NM  =250. The unsaturated zone has 40 layers, each layer has 250X250 pores, namely, K =40, NM  =250. 
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The aquifer zone has 10000 layers, each layer has 100X250 pores, namely, K =10000, M =250, N =100. 
 
Table 1 Total activity of radionuclide in disposal repository 
Radionuclide &V 6U 1L &R & 3X + 7RWDO
Total activity
˄Bq/a˅ 1.58E+11 5.81E+09 3.16E+12 1.01E+14 1.14E+11 2.52E+09 5.81E+12 1.10E+14
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 The conceptual model of nuclides transfer in the groundwater 
 
The const b relates to the ratio of nuclides transfer in the groundwater, and relates to the pressure difference of 
imports and exports in the three-dimensional stochastic seepage grid model. In the interest of simplicity, the paper 
has taken the pressure difference of imports and exports in the three-dimensional stochastic seepage grid model to 
be consistent, and wouldn't consider the diffusing phenomenon. Therefore, the mathematical expression for the ratio 
of nuclides transfer in the groundwater is shown below[9].. 
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In the equation, infO  is the ratio of nuclides transfer in the disposal unit and unsaturated zone (unit: 1a ); AO  is 
the ratio of nuclides transfer in the aquifer zone (unit: 1a ); q  is Darcy flow velocity in the disposal unit, namely, 
infiltration capacity (unit: am / ); L  is the length of nuclides transfer, namely, the horizontal length of disposal unit 
and unsaturated zone in the three-dimensional stochastic seepage grid model (unit: m ); 
w
T  is the effective porosity 
of the fractured rock masses of the disposal field; AL  is the length of nuclides transfer, namely, the horizontal length 
of aquifer zone in the three-dimensional stochastic seepage grid model (unit: m ); R  is the retention coefficient of 
nuclides transfer in the fractured rock masses of the disposal field; U is density of the fractured rock masses of the 
disposal fieldˈ(unit: 3/ mkg ); dK is distribution coefficient of the fractured rock masses of the disposal fieldˈ(unit: 
kgm /3 ). 
IAEA's correlative data on the disposal field indicates that the disposal field remains intact even after three 
The disposal unit area zone 
(deep 8 metersǃlength 25 meters˅ 
The unsaturated zone˄deep 4 meters˅ 
The aquifer zone 
˄deep 10 metersǃlength 1000 meters˅ 
Advection transport and dispersion 
The spring water 
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hundred years and is not soaked by rain[10]. According to conservative calculation, the disposal field remains intact 
even after One hundred and fifty years and is not soaked by rain. The engineered barriers of the disposal field 
gradually loses its effectiveness between 150a and 500a, and is soaked by rain (The relationships between rain water 
and time: ^ `atatamm 500150),150(350/)/220( du ). The engineered barriers of the disposal field loses its 
effectiveness after five hundred years, and is soaked by rain (rain water / year: amm/220 ). According to the ratio of 
nuclides transfer, the const b of the three-dimensional stochastic seepage grid model is laid down by the 
hydrogeological parameter (Tab.2 and Tab.3). As the Tab.4 shows, the const b has given a whole list. 
 
Table 2 Dimension and description of disposal field and compartments 
Name Description 
deep 
˄m˅ 
length 
˄m˅ 
dry density
˄kg/m3˅ 
effective 
porosity 
actual velocity 
˄m/a˅ 
disposal unit cement mortar 8 25 2000 0.15 
infiltration capacity/  
effective porosity 
unsaturated zone Backfill layer 4 25 2000 0.3 the same as above 
aquifer zone Backfill layer 10 1000 2000 0.28 210m/a 
 
Table 3  Distribution of radionuclide (m3/kg) 
Name 137Cs 90Sr 63Ni 60Co 14C 239Pu 3H 
disposal unit 0.002 0.002 1 0.002 2 1 0 
unsaturated zone 2 0.1 0.6 0.5 0.001 7.6 0 
aquifer zone 0.59 0.03 0.15 0.104 0.005 0.6 0 
 
Table 4  The values of Const b  
Name 137Cs 90Sr 63Ni 60Co 14C 239Pu 3H 
disposal unit 
( t time variable, a ) 
1500 d t  0 0 0 0 0 0 0 
500150 d t  (1.26E-4)t 
-1.90E-2 
(1.26E-4)t 
-1.90E-2 
(2.62E-7)t 
-3.94E-5 
(1.26E-4)t 
-1.90E-2 
(1.31E-7)t 
-1.97E-5 
(2.62E-7)t 
-3.94E-5 
(2.86E-3)t 
-4.30E-1 
t >500 4.42E-2 4.42E-2 9.17E-5 4.42E-2 4.58E-5 9.17E-5 1 
unsaturated zone 
time variable 
1500 d t  0 0 0 0 0 0 0 
500150 d t  (1.31E-7)t 
-1.97E-5 
(2.62E-6)t 
-3.94E-4 
(4.37E-7)t 
-6.57E-5 
(5.24E-7)t 
-7.88E-5 
(2.28E-4)t 
-3.43E-2 
(3.45E-8)t 
-5.19E-6 
(1.75E-3)t 
-2.63E-1 
t >500 4.58E-5 9.15E-4 1.53E-4 1.83E-4 7.97E-2 1.21E-5 6.11E-1 
aquifer zone t >150 1.78E-44 3.50E-3 6.99E-4 1.01E-3 2.04E-2 1.75E-4 7.50E-1 
 
4.2. Calculating radionuclide concentration in spring 
The disposal field remains intact even within one hundred and fifty years, and is not soaked by rain. However, 
the engineered barriers of the disposal field gradually loses its effectiveness after one hundred and fifty years, and is 
soaked by rain. Finally, the nuclides are released from the aquifer zone in the three-dimensional stochastic seepage 
grid model, and migrate to spring. As the Fig.3 shows, dependence of radionuclide concentration in spring has given 
a whole list. At the same time, the mathematical expression for the radionuclide concentration in spring is shown 
below [10]. 
VK
AC
dw uu
 
)( UT                                                                     (2) 
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In the equation, A  is the activity of radionuclide in aquifer zone of the disposal field (unit: Bq ); V is volume of 
aquifer zone of the disposal field (unit: 3m ); C  is the nuclides concentration in spring (unit: 3/ mBq ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  Dependence of radionuclide concentration in spring 
5. Conclusion 
Accordingto the result of calculating radionuclide concentration in spring, the nuclides of short radioactive 
half-life (e.g. 137Cs, 90Sr, 60Co, 63Ni) have basically completed the decay before migrating into the spring because of 
the retardation of the disposal field and surrounding rock mass, and have only a small effect on the biosphere. The 
nuclides (e.g. 3H,14C) have not basically completed the decay before migrating into the spring because the 
retardation of the disposal field and surrounding rock mass is very small, and have a large effect on the biosphere. 
The nuclides of long radioactive half-life  (e.g. 239Pu) have partial completed the decay before migrating into the 
spring because the radionuclide life is long, and have a large effect on the biosphere. Therefore, there is no room for 
the nuclides of long radioactive half-life and the small retardation of the disposal field and surrounding rock mass of 
the disposal field. Finally, a comparative analysis illustrates the precision and validity of this model that is built into 
the stochastic mathematical theories or computing technology. 
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